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The invest igat ion of' the heat emission of smll particles has iciportant 

value f o r  geophysics, aetrophysics and phytlical chemistry. 

By converting tho high frequoncy of solar rad ia t ion  iuto thc low 

frequency of heat, the pa r t i c l e  mixture par t ic ipa tes  in a noticeable way 

in the heat balance i n  the lower layers of tho atmoephere. I n  tho upper 

layera where a large number of pasticlee of duLt bound by the meteoric 

flow, continuously encloting earth, abEorbing and e m l t t i q  radiationf by 

par t i c l e s  le one of the lmgortant meLhaniau of c o n t r o U u g  by heat  procoEbes. 

Correfipondinhj: t o  Kirchkoff ' e  l a w ,  the  eaircion of p r t i c l e E  IE connected 

With that of absorption. To ebtabliLh the corresponding formlac l e t  u8 

consider an i n f i n i t e l y  large black in te r ior  sphere (radiue R ) ,  i n  t h o  canter 

of which our p a r t i c l e  ie placed. 

Tho stream energy from an in f in i tek-  s m a l l  area 

(Bh is the? intensi ty  of' t ho  area). 

de which s tr ikes  the 

p a r t i c l e  w i l l  be 

*kn Tho Sh8,ro absorbod by the part ic les  w i l l  bo 3, 
I n  t h e  e&ros way, the par t ic le ,  by the munt - %l &FA, ducreaws the quantity 

sa2 

is thc i n t ens i ty  of emission, kn i s  the absorption coeff ic ient ,  
1 WA - 

xa2 
- a is the radius of a pa r t i c l e ,  
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of r ad ia t ion  which the a rea  ds  emits t o  the  exact same area s i tua ted  on the  

other  end of a diameter. 

In the  condition of heat  equilibrium t h i s  decrease 02 the strem w i l l  be 

compensated by the  emission of pa r t i c l e s  on the  same area. 

the  i n t e n s i t y  of the p a r t i c l e  .bX(T) w i l l  be 

I n  the same way, 

bh(T) = kn Bx(T) 

The in t ens i ty  of a u n i t  area of a p a r t i c l e  Bh* w i l l  be na* %in;es less. 

The emission of a p a r t i c l e  i e  i so t ropic .  The complete stream, emitted 

by 8 p a r t i c l e  i n  u n i t  t i m e ,  w i l l  be 

f h  = k k n  BA (TI ( 2 )  

For large black p a r t i c l e s  kn = na2. I n  the same way 

f h  = 4xZa2 Bh (T) = J.tn2a.2 Bh 

It i s  known t h a t  the  t o t a l  radiat ion of a plane a rea  ds outwards equals 

fiBds. 

a large black b a l l .  

I n  stscordance with t h i s  the l a t te r  formula gives the  t o t a l  emission of 

If the  r e f l ec t ion  of l i g h t  i s  considered then, i n  formula (3)  it i s  

nccese-ry t o  introduce the f ac to r  (l-R( ')) .  Here R ( 1 )  i c  the  share of the 

l i g h t  wtrcain rei'lected by the  sphere (see (1) f o m l a  28). For p r a c t i c a l  

ca lcu la t ions  of the emission of a large b a l l  it i s  not a t  a l l  necessary t o  

make detai led calculat ions of the  in t eg ra l  f o r  

3-4; 

ordincttes. 

R(') .  With the accuracy of 

it i s  suf f ic ien t ,  f o r  example, t o  use the formula of Gauss i n  three  

Turning now t o  smll par t ic les .  Here the  general formula (1) produce8 

c2 series of i n t e re s t ing  consequences. 

For s m ~ l l  p a r t i c l e s  tho decrease i s  coneider \kly large dispersion. 



I 
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There enters  
Qo 

u y  x4dx 
0 

here the in tegra l  ( le t  ut denote it by a) e a t i l y  calculated 

0 

Q) 

([41 page 244). 

In the 8- way, 

u = 24.8856 

The in tens i ty  of a p a r t i c b  b, thorufore, w i l l  bs 

The constant bo i s  re la ted  t o  the S te fan -Bo l t zm constant d : 

-5 erg bo = 7 5 u = 21.808... .10 
deeo$ ~ e c  

(7 i s  a lzniLtipUer = 5.7486) 

Tho t o t a l  emission of a par t ic le  i L  

We obtained the important r e m l t :  Tho in tegra l  emibsion of a mall 
2 par t i c l e  i s  proportional t o  the f i f t h  degree of the temperature. 

I n  the case of small conducting par t ic les  (carrospondillg t o  the HElgona- 

Rubens law) the emission w i l l  be yrvT'. 

dependonce of emis~ion  i s  re la ted  t o  the temperature rate of' resis tance,  

For metals usually p l / T ,  such tha t  here f.yTs, 

In the 8a3ne way, the temperature 

. 
. For lower temperatures (by comparison wi th  Debye's t e m p r a t w e  of a body) 

2~ lm2+21 i s  a constant, t- \ 
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the  motion of u i s  Yomplex. The theory reduces here t o  the  dependence 

%. This means that the emission of small metal l ic  p a r t i c l e s  with low 

ten?eratures w i l l  be -T. 

1 
I 

By i t e  electrical  properties,  dust  probably i s  nearly always a semi- 

so--l<uc+,or. For gomi conduction of semiconductors (e lectrons)  a-eA/'* 

the emission of small par t i c l e s  w i l l  %e - T 6 d T .  

For smll p a r t i c l e s  (with constant m) the  Winn l a w  of mixing O C C U T S ~  

Ecwever, the constant i n  t h i s  l a w  will be d i f f e ren t  from dts  usual value by 

c fc;;tor CL/U*. Here a and a* are roo t s  of the transcendental 

equntion [ 31. 

This fac tor  3 = 0.8296.. . 
Par t i c l e s ,  suspenaed i n  air, give up t h e i r  heat by heat conduction and 

radiat ion.  It i s  easy t o  see that the first flow i s  k ' / k p a  grea te r  than 

the second (k' i s  the coef f ic ien t  of heat conduction of air; T i s  temper- 

a t u r e ) .  This quantity i s  -lo4 i n  the lower layers  and assumes the value 

-1 only on the periphery of the atmosphere. I n  i n t e r s t e l l a r  space rad ia t ion  

i s  the single pr inciple  einitter of heat. The equilibrium between absorption 

an& emission defines the temperature of a p a r t i c l e  found there.  

An increased temperature of air ( in  u n i t  t i m e )  connected by the  d i r e c t  

heating of it a t  the expense of absorption of rad ia t ion  by pwticleumixt!es 

i s  determined by the  quantity aT = Ioxa.2n/c 

i n  1 ~ ~ 9 ,  c i s  the heat capacity of 1 cm3). L !J3&jsgives almost 

(n i s  the number of p a r t i c l e s  

m 
0.05 - 0.1 /hr. 

Both specified estimates are related t o  large p a r t i c l e s  (kh = (an2). For 

s m a l l  p a r t i c l e s  the r e l a t ive  roba of emission w i l l  bc. considerably less. 
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The same r e l a t e s  t o  the heating of a i r  by par t i c l e s .  

Let us note i n  conclusion that the emission of mall p a r t i c l e s  t o  a 

considerable extent,  defines the spectrum of f lamea. 
. IZEFEREXCES 

1. K. S. Shi f r in :  

2. G. X:-e: A n n .  d.  Phys. V. 25, 309 (1908) 

3. P. Drude: Optics (1935) 

4. I. M. Ryzhik: Tables of integrals ,  sume, se r i e s  and d e r i v a t i s s ,  194.8, 

I svcSt ia  - Series  Geophys and Geogr, No. 2, 1950. 


